Background: The expression of DNA fragmentation factor 45 (DFF45) and B-cell lymphoma 2 (BCL2) in glands of the normal human endometrium is related to phases of the menstrual cycle and decreases after menopause, whereas the expression of DNA fragmentation factor 40 (DFF40) is stable. Moreover, DF45, BCL2 and DFF40 underexpression has been reported in numerous malignancies, including uterine leiomyosarcomas. In this study, we aimed to investigate DFF45, BCL2 and DFF40 expression in endometrioid and non-endometrioid types of endometrial cancers (ECs). We also evaluated the correlations between DFF45, BCL2 and DFF40 expression levels and clinicopathological parameters and determined the value of these three proteins as prognostic markers of disease-free survival (DFS) and overall survival (OS). Methods: Immunohistochemistry was performed to evaluate DFF45, BCL2 and DFF40 expression in 342 cases of ECs. Student's t-test, the Mann-Whitney U-test, and the chi-squared test were used for the statistical analyses as appropriate. The Cox-Mantel test, Cox's proportional hazard model, and relative risk analyses were used to evaluate associations between DFF40, DFF45, and BCL2 expression and clinicopathological characteristics.
Background
Endometrial cancers (ECs) have the highest incidence among female genital tract malignancies in economically prosperous populations [1, 2] . Epithelial malignant tumors of the uterus include pure endometroid cancers grade 1-3, uterine serous carcinomas, clear cell carcinomas, and carcinosarcomas [3] . According to their clinical features, Bokhman divided ECs into two groups: estrogen-dependent type 1 malignancies, which typically occur during the perimenopausal period and have a favorable prognosis, and estrogen-independent type 2 malignancies, the incidence of which is highest among individuals 70 years of age with a poor prognosis [4] . Subsequent studies have confirmed that type 1 and type 2 ECs differ with respect to their morphologies and molecular characteristics. Pure endometrioid ECs are histologically heterogeneous and present different patterns of myometrial invasion [5] . To describe an unusual type of this invasion, Murra et al. introduced the acronym "MELF" for microcystic, elongated and fragmentated pattern of myometrial invasion in endometrioid ECs, but they failed to demonstrate a statistically significant effect of MELF on overall survival -only a subgroup of women showing a fibromyxoid stromal reaction and MELF had improved survival [6] . Further studies have revealed that the incidence of MELF in ECs is between 13% and 36% and have shown that its presence is significantly associated with tumor size, lymph node involvement, advanced International Federation of Gynecology and Obstetrics (FIGO) stage, lympho-vascular space involvement (LVSI+), mucinosus differentiation, and papillary architecture [7] [8] [9] [10] . In contrast to the findings reported by Murray et al. and Kihara et al., who did not demonstrate any association between MELF and disease-free or overall survivals, Zinkov et al. observed a significantly lower survival rate in patients with endometrioid ECs with a MELF pattern compared with MELF-negative women [6, 7, 11] .
Type 2 malignancies are characterized by p53 and PIK3CA overexpression, and type 1 malignancies are characterized by PTEN mutations [12] . High-grade earlystage ECs display SOX-2 overexpression and low gammaglutamyltransferase expression but not Oct4 overexpression. SOX-2 and Oct4 are cancer stem cell markers that have been hypothesized to be responsible for carcinoma infiltration, and gamma-glutamyltransferase acts as an antioxidant and thus protects cells against oxidative stress [13, 14] . Type 2 ECs also display increased proliferation and apoptosis rates [15] .
Burstman was the first to investigate the role of DNA fragmentation factor 45 (DFF45) in ECs [16] . The DNA fragmentation factor (DFF) complex is localized to the cell nucleus and exists as a dimer comprising DFF40 (caspaseactivated DNase; CAD) and DFF45 (inhibitor of caspaseactivated DNase; ICAD) [17] . DFF45 is cleaved by caspase-9 at the end of the apoptotic cascade, which results in the release of DFF40 from the DFF40/DFF45 complex, leading to DFF40-mediated DNA fragmentation (DNA laddering) [10] . However, DFF45 is not merely an inhibitor of DFF40, as its presence is also required for the proper folding of DFF40, which is necessary for production of the active protein [17, 18] . In our recent studies, we have demonstrated DFF40 and DFF45 overexpression in endometrial polyps and benign endometrial hyperplasia compared with control endometrium [19] . Moreover, we have shown that uterine leiomyosarcomas are characterized by DFF40 and DFF45 underexpression compared with case and control myometrium; women whose tumors were negative for DFF40 presented significantly shorter disease-free survival and overall survival [20] .
BCL2 is a well-known inhibitor of apoptosis that is responsible for stabilizing mitochondrial membranes and thus preventing cells from undergoing apoptosis via the mitochondrial pathway [21, 22] . BCL2 underexpression has been linked to more aggressive ECs, including highgrade cancers, advanced stage cancers, and cancers displaying lymph node invasion [23] . In contrast to benign endometrial polyps, significant BCL2 underexpression has been shown in the stromal layer of benign hyperplastic endometrium [18] .
The aim of this work was to evaluate the relationship between the immunohistochemical expression patterns of DFF45 and DFF40 and those of BCL2 and to assess the correlations between the expression of these biomarkers and the clinicopathological characteristics of ECs.
Methods

Patient and tumor characteristics
This study was performed using archived paraffinembedded tissue samples from patients who were diagnosed with and treated for ECs in the Gynecology and Oncology Clinic of Jagiellonian University, Krakow, Poland. Samples from 365 patients who were consecutively diagnosed with EC from January 2007 to December 2012 were initially considered eligible for inclusion in the study; however, the medical records for 24 of these women were found to have missing data, and the samples from an additional 17 patients underwent autolysis. Thus, samples from 342 patients were ultimately eligible for inclusion in the study. Each patient was preoperatively diagnosed with EC based on the results of endometrial evaluations performed via dilatation and curettage (D&C) or hysteroscopy with biopsy. Each patient also underwent pelvic ultrasound or pelvic magnetic resonance imaging, abdominal ultrasound, and chest X-ray or chest computed tomography preoperatively. Each patient subsequently underwent total hysterectomy with bilateral salpingo-oophorectomy with or without pelvic lymph node biopsy, and patients with an increased risk of disease recurrence and/or nodal metastases underwent radical surgery and/or pelvic/para-aortal lymph node dissection. The omentum was removed in patients with tumors with histology corresponding to serous carcinoma, clear cell carcinoma, or carcinosarcoma. Each postoperative specimen was re-evaluated by two experienced pathologists, who were blinded to each other's interpretations and to previous pathology reports, to confirm the final diagnosis of EC. All cases were restaged using current FIGO 2010 criteria [3] . Moreover, histological typing, grading (G), and the presence of MELF pattern myometrial invasion in the patients' paraffin-embedded tissue specimens were performed according to the classification of the World Health Organization (WHO) and criteria presented by Murray et al. [6, 24] Body mass index (BMI) was calculated by dividing body mass, as determined by preoperative measurements of standardized morning weights, by the square of the body height (kg/m 2 ), as determined by preoperative measurements of height. The date of menopause onset was defined as the date of the final menstrual period, i.e., the date after which no menses were reported for a subsequent period of 12 months. Subcohorts comprising patients with G1-2 endometrial adenocarcinoma (Group 1) and patients with non-endometrioid EC and G3 endometrial adenocarcinoma (Group 2) were subsequently organized. The characteristics of these patients and their tumors are presented in Table 1 .
Sample preparation
Representative postoperative tissue blocks were identified for immunohistochemical analysis. Four specimens from four patients with stage 4 disease that were obtained by D&C were also included in the analysis. Immunohistochemical staining was performed with a rabbit polyclonal antibody against DFF40 (Abcam, Cambridge, UK) diluted 1:50, a monoclonal mouse anti-human antibody against BCL2 (Leica Biosystems Newcastle Ltd., Newcastle Upon Tyne, UK) diluted 1:200 and a rabbit polyclonal antibody against DFF45 (Abcam, Cambridge, UK) diluted 1:100 using a previously described protocol [19, 20] .
Sections that were stained but incubated without a primary antibody were used as negative controls. Jurkat cells (for DFF45 and DFF40) and human follicular lymphoma cells (for BCL2) were used as positive controls.
Immunohistochemical scoring
To obtain comparable outcomes to our formerly published results, the following procedure, which was previously developed and validated, was employed: two certified histopathologists, who were blinded to the study data and to each other, calculated the staining scores for DFF40, BCL2 and DFF45 for each slide in five high-power fields (× 40) using a 0-to-3 scale (0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining) [19, 20] . The cell staining percentage scores for DFF45 and DFF40 were determined as follows: 0 = expression in up to 10% of cells; 1+ = expression in 10-50% of cells; 2+ = expression in 51-80% of cells; and 3+ = expression in over 80% of cells. The cell staining percentage scores for BCL2 were calculated using the scale defined by Yigit et al.: 0 = expression in up to 5% of cells; 1+ = expression in 5%-25% of cells; 2+ = expression in 26%-50% of cells; and 3+ expression in over 50% of cells [25] . The intensity score was multiplied by the cell staining percentage score to obtain the final immunoreactivity score for each protein, which ranged from 0 to 9. Final scores of 0-1 were indicative of negative protein expression, whereas scores of 2-4 were indicative of low protein expression, and scores of 6-9 were indicative of high protein expression. Discrepancies regarding scoring were noted in 1.75% of the cases. In these instances, the corresponding samples were re-evaluated 2 weeks after the primary evaluation to achieve consensus regarding their scores and to minimize the possibility that the results of analysis would be affected by recall bias.
Statistical analysis
The clinical characteristics of the study groups were compared using the parametric Student's t-test and the nonparametric Mann-Whitney U test as appropriate. The data are presented as the mean ± standard deviation (SD) or as the median ± standard error of the mean (SEM). The chisquared test was employed to evaluate differences in biomarker immunoexpression, with Yate's correction, if required, based on the expected frequencies of variables. Cox's proportional hazard model was used to determine the hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) for the survival predictors. The Cox-Mantel test was used to compare OS (defined as the period between the initial surgery and time of death) and DFS (defined as the period between the initial surgery and time of disease recurrence), and the relative risks (RRs) of the factors associated with a poor prognosis were calculated for cases in which DFF40, DFF45, or BCL2 expression was negative. To evaluate interobserver/intraobserver agreement for the immunohistochemistry scores, we calculated the intraclass correlation coefficient (ICC) and corresponding 95% CIs for multiple histopathological evaluations. For these evaluations, Research Randomizer (www.randomizer. org) was employed to select 50 samples in which DFF40, DFF45, and BCL2 expression levels were re-evaluated at 2 weeks after the primary evaluation to prevent recall bias from affecting the study results. The Guidelines for Reporting Reliability and Agreement in Studies were used to verify these results [26] . Calculations were performed using STA-TISTICA data analysis software, version 12.0 (StatSoft, Inc. 2014. STATISTICA data analysis software system, version 12. www.statsoft.pl), and MedCalc Statistical Software, The clinicopathological characteristics of the study cohort and its sub-groups are shown in Table 1 .
DFF40, DFF45, and BCL2 immunohistochemical expression
DFF40 and DFF45 displayed predominately nuclear expression, while BCL2 displayed cytoplasmic expression in all histological types of EC analyzed herein (Fig. 1 ).
No differences in DFF40, DFF45, or BCL2 expression were observed between G1 ECs and G2 ECs in Group A, and no differences in DFF40, DFF45, and BCL2 expression were observed between G3 ECs and nonendometrioid tumors in Group B (Table 2) . However, DFF40 and BCL2 expression levels were significantly higher in Group A than in Group B (p < 0.001 and p < 0. 001; respectively). DFF45 expression levels did not differ between Groups A and B ( Table 2 ). The absence of DFF40 expression significantly increased the RRs for disease recurrence, LN+, LVSI+, and invasion of more than 50% of the myometrium (MI > 50%) in the entire cohort and in Group B (with the exception of the RR for MI > 50% in Group B) (Table 3) . Similarly, BCL2 deficiency increased the RRs for disease recurrence, LN+, LVSI+, and MI > 50% in the entire cohort and in Groups A (with the exception of the RR for disease recurrence in Group A) and B (with the exception of the RR for MI > 50% in Group B). The absence of DFF45 expression was not associated with increases in the risks of any of the above factors, either in the entire cohort or in Group A or B (Table 3) . DFF40-negative cases showed significantly shorter OS in the entire cohort and in Group A and displayed significantly shorter DFS in the entire cohort, but not in Group A or B, compared with DFF40-positive cases (Fig. 2) . DFF45 expression did not affect OS or DFS in the entire cohort or in Group A; however, DFF45-negative patients in Group B exhibited shorter DFS, but not OS. BCL2-negative patients displayed significantly shorter OS in the entire cohort and in Groups A and B compared with BCL2-positive patients (Fig. 2) . Similarly, BCL2-negative patients displayed significantly shorter DFS in the entire cohort and in Groups A and B compared with BCL2-positive patients (Fig. 2) 
Validation of the reliability of the immunohistochemistry scores
We noted very high intra-rater agreement with regard to the immunohistochemistry scores for DFF40, DFF45, and BCL2 expression. The ICCs for agreement between the immunohistochemistry scores for the indicated proteins, which were determined by the abovementioned pathologists, are listed below.
A) The ICCs for agreement between the scores for DFF40, DFF45, and BCL2 expression determined by the first pathologist (that is, observer 1 vs. observer As full inter-rater consensus was achieved for the expression levels of the above proteins, we did not evaluate inter-observer reliability.
Discussion
The study evaluates DFF45, BCL2 and DFF45 expression in ECs and assesses the relationships between DFF40 and clinical and histopathological factors. Although Buchman's clinical classification of ECs into two groups has been validated in numerous molecular studies, it is currently being revised based on advances in cancer epidemiological research. Based on the results of a casecontrol study nested in the Women's Health Imitative Observational Study, Suarez et al. and Brinton et al. have postulated that serous endometrial tumors behave in a manner similar to that of estrogen-dependent endometrial malignancies under some circumstances [27, 28] . Yang et al. have shown that diabetes also increases the risks of serous tumors and type I ECs, but not that of clear cell endometrial tumors, and that it increases the risk of type 1 ECs [29] . Regarding factors associated with cancer prevention, Sherman et al. have postulated that cigarette smoking, which is a well-known protective factor against type 1 ECs, also reduces the risk of serous endometrial tumors [30] . However, the results of our study confirmed Bokhman's scheme, as they showed that DFF40 and BCL2 expression levels were decreased in non-endometrioid and high-grade endometrial tumors compared with grade 1 and 2 ECs. These results are consistent with those of Sakuragi et al., Morsi et al., Loffe et al., and Porichi et al., who reported decreased BCL2 expression levels in ECs with increased mitotic and apoptotic indices [31] [32] [33] [34] . Lack of BCL2 expression was subsequently shown to be an independent predictor of poor prognosis in ECs, and high disease stage, high grade, increased invasion depth, and disease recurrence were shown to be independent prognostic factors for shorter OS [32, 35] . We showed that BCL2 deficiency increased the risk of lymph node involvement and LVSI + in both endometrioid and non-endometrioid tumors. Additionally, we showed that BCL2 deficiency was associated with increased risks of recurrence and deep myometrial invasion in the entire cohort.
In contrast to the significance of BCL2 expression, the implications of DFF40 and DFF45 expression alterations in ECs have been poorly addressed. Burstmann was the only author to show that DFF45 immunoreactivity was increased in atypical endometrial hyperplasia compared with normal endometrial tissue and non-atypical endometrial hyperplasia, but he failed to demonstrate that DFF45 expression differed between atypical endometrial hyperplasia and ECs [16] . Moreover, he analyzed only 48 cases of endometrioid ECs and observed no association between DFF45 expression and EC stage or grade [16] . Our results are consistent with those of Burstmann because as we did not observe an association between EC type and DFF45 expression, and we did not observe an effect of DFF45 expression on the clinical features of tumors, OS, or DFS in the entire cohort or in Group A, In contrast, only patients in Group B with DFF45-negative expression showed lower DFS, but not OS. However, DFF45 upregulation has been observed in ovarian serous cancers and colon cancers, and high DFF45 expression has been associated with poorer OS in previous studies [36, 37] . In contrast, DFF45 expression has been reported to be significantly reduced in esophageal squamous cell cancers with higher stages and in those with lymph node involvement and extensive lymphovascular space invasion than in cancers with lower stages and without lymph node involvement or extensive lymphovascular space invasion; moreover, patients with low DFF45 expression levels have been demonstrated to have significantly shorter OS than those with high DFF45 expression levels [38] .
DFF40 expression in endometrial malignancies was a novel issue addressed in our study because it has not been previously investigated, and this novelty precludes direct comparisons between our results and those of other studies. Therefore, a literature review regarding DFF40 expression in other malignancies was performed. In glioblastoma cells, Judson et al. failed to observe DFF40 mutations, whereas George et al. showed increased DFF40 levels during Taxol-mediated apoptosis in different human glioblastoma lines [39, 40] . A lack of oligonucleosomal DNA fragmentation in human renal cell carcinomas that are resistant to apoptosis was associated with decreased DFF40 and DFF45 expression [41] . Mizuta et al. proved that the presence of DFF40 is mandatory for DNA fragmentation during apoptosis in Burkitt cell lymphoma, and Lucieano et al. reported that DFF40 downregulation might be a mechanism through which cancer cells avoid apoptosis in this malignancy [42, 43] . Breast cancer cells with DFF40 overexpression are more sensitive to doxorubicin, acetazolamide, and sulfabenzamide [44, 45] . These results indicate that DFF40 participates in the late stages of apoptosis and that it can be downregulated in some malignancies. We observed that DFF40 downregulation was associated with lower OS and DFS in the entire cohort and in Group A. However, unlike BCL2 underexpression, DFF40 underexpression was not identified as an independent predictor of OS or DFS in our multivariate analysis.
The current study has some limitations that must be presented. We recognize that immunohistochemistry might be susceptible to observer bias; however, this technique has been generally accepted for measuring DFF45 and BCL2 expression in previous studies, and the perfect inter-rater agreement and almost perfect intra-rater correlation noted herein make observer bias an insignificant contributor to the final results [16, 19, 23, 32, 36, 46] . Furthermore, immunostaining does not enable researchers to measure DFF40:DFF45 nuclear stoichiometric ratios in EC cells. Widlak et al. reported that a 1:1 DFF40:DFF45 ratio is essential for proper apoptosis, but this parameter was not assessed in our study [47] . Although the MELF pattern of myometrial invasion has been reported to be associated with worse clinical findings, we were unable to analyze its association with DFF40, DFF45, and BCL2 and its impact on DFS and OS expression due to the small number of identified cases. Finally, the core strength of this study was its comprehensive analysis of DFF40 and DFF45 expression and BCL2 expression in ECs. As previous studies have reported discrepancies regarding the pathological classifications of different types of ECs, all the specimens included herein were independently re-evaluated by two experienced pathologists to confirm their diagnoses and classifications [48] . Additionally, the relatively large size of the cohort, as well as the well-defined clinical characteristics of the specimens included herein, allowed us to analyze the relationships between DFF40, DFF45, and BCL2 expression and the clinical characteristics, including OS and DFS.
Conclusions
Non-endometrioid and high-grade endometrioid ECs show decreased expression of DFF45, BCL2 and DFF40 compared with low-and moderate-grade endometrioid ECs. Additionally, DFF40 and BCL2 expression, but not DFF45 expression, together with disease recurrence, lymph node involvement, lymphovascular space invasion, and deep myometrial infiltration might predict DFS and OS. An assessment of the relationships between DFF40, BCL2 and DFF45 expression and the above factors would enable a better understanding of the significance of DFF40, DFF45, and BCL2 expression in other malignancies, and prospective studies regarding the utility of DFF40 and BCL2 as prognostic factors in ECs are warranted. 
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